Abstract: An experiment was conducted in the Jeollabuk-do Agricultural Research and Extension Services, Korea from February to June 2017, to study the effect of polyethylene glycol (PEG) on the germination of kenaf seeds variety 'Jangdae', which treated with seven PEG concentrations (0%, 10%, 20%, 25%, 30%, 35% and 40%) for 24 h at 20 °C in the dark, and evaluate the effect of fungicide on surging kenaf seed germination in the field. Results showed that the critical concentration rate needed to hasten germination based on germination percentage, times to reach 50% of the final germination rate (T50) and mean no. of days to germination (MDG) is using 10% PEG. A maximum germination rate of 83.8% using hydro-priming (HP) (seed treated with HP) was observed during the first 12 h of treatment. The control's (Jangdae seed) germination increased sharply and reached a maximum germination rate of 53.2% on the 21st day in the field. After 21 d, germination of all priming treatments ranged from 13.8% to 26.3%. The palisade layer (PAL) after priming treatment was more damaged than that of the control. Also, a significant difference on the acid level between the control and PEG priming treatment (p < 0.05) was observed. It was also found out that seed modifications after priming could affect in the field. A fungicide called "Tiram" was used after priming to help kenaf seeds decrease T50 and MDG, and increase germination percentage. Results showed that application of fungicide after priming optimizes seed germination and vigor. Therefore, it is recommended to invigorate the kenaf seed before planting.
Introduction
 Kenaf (Hibiscus cannabinus L.) belongs to family Malvaceae is a common warm season annual fiber plant native to India and Africa [1] . Although kenaf is a tropical plant, its cultivars are now well adapted to a wide geographical and climatic range [2] . Kenaf plants have been widely used for the production of paper, biocomposites, fiber boards, bioplasticsand in the textile industry. It is an important cordage crop in many developing countries such as USA and Japan used for fiber production and forage. Kenaf was introduced in Korea in the 60's but, limited use in the country. In recent years, its value in Korea has been increasing for forage, biomass production and fuel.
Kenaf can reach heights of 4-6 m depending on environmental conditions and requires 140-150 d to complete maturity. Seed production is limited to frost-free areas for the late ripening variety. Its stalk is composed of two distinct fibers, the bast and the core, which is approximately 35% and 65% of mass, respectively [3] . The bast is characterized as a bark with long fibers and the core being physically similar to balsawood, containing soft, short fibers. They lose germination capacity after harvest because of high seed oil content. Under conditioned storage of 20 °C and 10% humidity, kenaf remained viable for about eight months [4] . However, its viability loss is faster under hot and humid climates with an average ambient temperature of 35 °C and humidity above 60% [5] . A kenaf variety called 'Jangdae' released by the Korea Atomic Energy Research Institute (KAERI) is an early maturing variety and has low germination rate which is a major limitation for commercially use in Korea.
The rapid and uniform field emergences of seeds are the two important conditions to increase quality, yield and profit in annual crops. Slow germination
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Seed Germination 279 ability of some seeds results to smaller seedlings and consequently smaller plants. This also makes such seedlings more vulnerable to soil-borne diseases [6] . A seed represents an amalgam of individuals, each with different germination vigor, but uniform performance of seeds of cultivated plants is seldom achieved [7] . Because of this, seed priming has become a common treatment to increase the rate and uniformity of emergence in many vegetable and flower species resulting to a more rapid and uniform germination when the seeds are re-imbibed [8] . Seed priming has been used to accelerate germination, uniform seedling emergence and improve germination performance under temperature or drought stresses [9, 10] . Seed osmopriming using polyethylene glycol (PEG) had improved the germination potential of some herbaceous perennials [11] , pigeonpea [12] , brassica [13] and carrot [14] . However, the secret to successful seed priming is ceasing the priming treatment at the right time to allow re-drying, hence each species must be investigated for optimal priming treatments and treatment durations [15] .
Previous results showed that chemical agent treatments to kenaf seeds could be used to decrease seedling damage caused by pathogens [16, 17] .
Fungicides evaluated by Whiteley [18] did not reduce germination of kenaf seed; but no beneficial effects were shown. Field studies by White et al. [19] indicated that seedling emergence was higher for chemically-treated kenaf seeds, while laboratory tests indicated that treatments had no effect on germination.
If seeds are primed with various priming materials, the outer tissue of seeds is weakened, causing seeds to be attacked by many pathogens. So, there is a need to use fungicide to prevent the seeds from having a poor quality. Thus, the main objective of this study was performed to investigate the effect of PEG on improving germination percentage of kenaf seeds (Jangdae), identify the cause of low priming effect and evaluate the effect of fungicide on surging kenaf seed germination.
Materials and Methods
Seed and Other Materials Preparation
The kenaf variety used was "Jangdae" from the KAERI. The experiment was conducted in Agri-Food Processing, Agricultural Research and Extension Services, Iksan from February to April, 2017. Seeds, weighing 12 g for each treatment were sterilized by soaking in NaOCl solution for 10 min and dried for 30 min. Twistpack Ⓐ 400 (Twist pack 3, ACE Industry, Pocheon, Korea) containers were purchased at a store.
Germination Tests to PEG in Laboratory Condition
In the conduct of PEG (Polyethylene glycol 6000, Aldrich, Darmstadt, Germany) test, an osmopriming agent solution, seeds were treated with seven PEG concentrations (0%, 10%, 20%, 25%, 30%, 35% and 40%) for 24 h at 20 °C in the dark in an incubator (HB-302S-4, Hanbaek Scientific Co., Bucheon, Korea). Three replicates with 20 seeds each were placed in Twist pack Ⓐ 400 (Twist pack 3, ACE Industry, Pocheon, Korea) container with two filter paper soaked with 7 mL test solutions, and germinated for 72 h at 25 °C with lights in the incubator. Germination was recorded at the same time daily. The seed have germinated when it was > 2 mm and the seed coat ruptured, plumule and radicle came out. After 3 d of germination, a picture was taken to compare growth phase of plants. The times to reach 50% of the final germination rate (T50) and the mean no. of days to germination (MDG) were recorded to evaluate germination performance.
Germination Tests to PEG in Field Condition
Kenaf was planted on 1st May, 2017 in a deep loamy fertile soil and sown at a density of about 25,000 plants/10a. The beds were 10 m and 1.5 m wide with each bed having seven planted rows 0.2 m apart. The field was cleaned and treated with 3 kg pendimethalin herbicide/10a and 15-10-10 NPK granular fertilizer/10a, which was partially modified from Ref. [20] , applied into the upper 10 cm of the soil before planting. The plots were designed by completely randomized block with three replicates. The kenaf seeds were treated with seven PEG concentrations (0%, 10%, 20%, 25%, 30%, 35% and 40%) for 24 h at 20 °C in the dark in an incubator (HB-302S-4, Hanbaek Scientific Co., Bucheon, Korea). The primed seeds were left for 2 h to allow the seed surface to dry and were then sown in the field. Germination was scored for 21 d. A seed has germinated when the leaves come out. Biomass yield was measured at 160 d after sowing using a two digit balance and expressed in ton/10a.
Scanning Electron Microscope (SEM) Image
The seeds were air-dried for 48 h at 30 °C. Each was then fastened using a nipper before cutting vertically to avoid mechanical injury for the vertical section filming. The specimen were air-dried for 20 h at 80 °C to shoot, then was placed on aluminum stub and plated with gold by using a gold ion sputtering device (Jeol, JFC-1100E, Fine Coat, Tokyo, Japan) at 10 mA for 400 s. A palisade layer (PAL) of seeds plated with gold were observed using an SEM (Jeol, JSM-5410LV, Tokyo, Japan) at condition of 15 kV [21] .
Acid Value
The acid value of kenaf seed was determined according to Korean Food Standards Codex [22] . One gram samples were weighed in 200 mL Erlenmeyer flask and dissolved in 100 mL of ethanol:diethyl ether mixture (1:1, v/v) for 1 min and titrated with 2-3 drops of 0.1 N potassium hydroxide solution, using 1% phenolphthalein as an indicator. Simultaneously, a blank test (ethanol:diethyl ether mixture = 1:1, v/v) was carried out and then acid value was calculated. Analyses were carried out in triplicate and the acid value was the mg KOH used to neutralize 1.0 g of sample.
Evaluation of Fungicide Effect on Surging Seed Germination in Soil
To evaluate the fungicide effect on surging seed germination in soil, the previous treatment method was modified. A fungicide "Tiram" (30 mL/kg) with a brand name Saechong was used. Kenaf seed was coated with Tiram and soaked in Tiram solution according to trial designs. The trial designs consisted of five treatments such as the control (seed unprimed), hydro-priming (HP) for 12 h (H12), combination of HP for 6 h + Tiram immersion for 6 h (H6T6), Tiram immersion for 12 h (T12), and combination of HP for 12 h + Tiram coating (H12TC). The treated seeds were planted one at a time in a pot with 105 holes. Germination was scored every day for 7 d. A seed has germinated when the leaves come out. The T50 and MDG were noted to evaluate germination performance. Plant height was measured using ruler and expressed in centimeter at 7 d after sowing.
Field Growth Conditions during the Experimental Period
The experimental field is situated in Iksancity. During the experimental period, from 1st May 2017 to 15th October 2017, the average minimum temperature in the area was 17.3 °C and average maximum temperature was 25.3 °C, with a total of 580 mm rainfall ( Table 1 ). The optimum temperature for kenaf to grow ranges from 20 °C to 27 °C [23] and rainfall of 500-600 mm [24] . Thus, the climatic conditions in Iksancity are very suitable to raise kenaf. The primary weeds in the field were tumble pigweed (Amaranthus albus L.), purslane (Portulaca oleracea, Purslane) and removed throughout the growing season by hand weeding.
Statistics
Results were analyzed for analysis of variance 
Results and Discussion
Effect of PEG on Germination Percentage in Laboratory Test
Germination of Jangdae seed, early maturing variety, was generally poor in the control condition based on kenaf seed maturity compared to the late maturing variety imported from foreign countries such as China (Fig. 1) . This indicates the need for kenaf seed to use a priming technique like PEG to hasten germination uniformity and capability. Table 2 illustrates the final germination rate against time. At the first 12 h of treatment, the maximum germination rate was 83.8% using HP as compared to the control's Kim et al. [25] reported that the pasture seed germination increased at 10%-30% PEG treatment. between rapid germination and seed coat susceptibility to mold growth, seed rot and diseased seedling roots [16, 28] .
Germination synchronization, shoot length and leaf unfolding of primed seed were greater than those of the control. Also, main root or hair root appeared faster in the treated seeds and grew abundantly compared to the control (Fig. 1) . Enhanced effect, which hastens germination rate and growth progress, was greatest at HP and 10% PEG compared to the control (Fig. 1). 
Effects of PEG on Surging both T50 and MDG in Laboratory Test
Results showed that the T50 of the control was 22 times, while at HP and 10% PEG treatment, nine times was sufficient to reach T50 which is 2-3 times lower than that of the control (Table 3 ). The T50 of the other PEG treatments was also lower than that of the control. MDG decreased from 1.43 d which is the maximum for the control and 0.55 d being the minimum for HP (Table 3 ). These data indicate that the T50 and MDG were significantly affected by the PEG priming during germination. Previous study demonstrated that the increase in the germination rate and MDG of primed barley seeds may be due to the initial metabolic events in primed seeds [29] . Li et al. [30] reported that the seed primed with PEG showed a fast MDG, resulting in improving the germination rate rather than an increase in the germination percentage. It appeared that PEG treatment might induce various proteins synthesis related with germination [27] .
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Effect of PEG on Germination Percentage in Field Test
The results of the germination percentage in the field after PEG treatment is presented in Table 4 . After sowing kenaf seeds, it rained on the 10th (40 mm) and the 21st (15 mm) days. The germination percentage of HP on the 6th day was significantly higher than the others (Table 4) . After raining of 40 mm on the 10th day, the germination percentage of the control on the 11th day exceeded that of other treatments. Thereafter, the control's (Jangdae seed) germination in the field was increased sharply and reached a maximum of 53.2% on the 21st day when it rained for 15 mm a day. After the 21st day, there was no significant difference in the germination of all the experimental plots (Table 4) . Daniel et al. [5] demonstrated that HP of kenaf seeds for 24 h enhanced seed germination and vigor. However, it has been observed that there was a significant difference in germination among varieties after priming. So, the variety difference between the result and previous study [5] indicated different outcomes.
Effect of PEG on Biomass Yield in Field Test
Results showed that biomass yields of different priming treatment plots (Hydro and PEG) were lower than that of the control (Jangdae) in 150 d (Fig. 2) . No significant difference was also observed among the priming treatment plots. The biomass yield depends on the germination percentage (Table 4) . Hence, it is very important to apply an optimum plant density so as to obtain the highest yield. In this study, kenaf was planted with sowing density of 25,000 plants/10a. Previous studies reported that the best planting density was 40,000 plants/10a [31] . This difference is attributed to the cultivar and climatic condition such as 
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Seed Germination 284 rainfall and temperature. Tables 2 and 4 showed that it is possible to determine the priming effect to increase germination percentage in growth chamber condition, but not in soil condition. Thus, the cause of low priming effect in soil was also identified. In the SEM image of tissue before and after priming treatment, there was a significant difference in the PAL (Fig. 3) . The PAL (white parenthesis) after priming treatment was more damage than that of the control (Fig. 3) . More damage in PAL, the more loss of solutes from the seeds, which indicates the degree of membrane deterioration resulting from seed aging [32] . The oil content of kenaf seed has been reported to be around 20%-24%, which could result to losing its germination capacity [5] . Acid level is increased by fatty acid oxidation and is an indicator of oxidation degree. Results showed that the acid level for the control and Hydro are statistically the same but increased sharply at 10% PEG (p < 0.05) (Fig. 4) . This could be attributed to the fatty acid oxidation posed by environment stresses 
Identification of Cause of Low Priming Effect in Field Test
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Seed Germination 285 [33, 34] . Thus, findings showed that priming treatment over 20% PEG to kenaf seed is not suitable for improving the germination percentage. The study showed that tissue disintegration and fatty acid's oxidation of kenaf seed after priming had significantly negative effects on germination in soil.
Effects of Fungicide Treatment on Kenaf Seed Germination in Soil Test
To overcome the problem of priming treatment on surging seed germination, a fungicide called Tiram was used after priming. The single treatment of HP and combination of HP and Tiram had a significant effect on decreasing T50 (Fig. 5) . Among the treatments, the H6T6 was the highest (Fig. 5) . With respect to MDG, the HP and combination of HP and Tiram treatment germinated at a significantly faster rate than the control. The H6T6 showed the fastest level (Fig. 6 ). In the final germination percentage, single treatment of HP and combination of HP and Tiram had an increasing effect compared to the control (Fig. 7) . The H12TC treatment has the highest germination percentage which is 42.44% as compared to the others which ranged from 25.5% to 36.2% (Fig.  7) . In plant height evaluation, all treatments resulted higher than the control (Fig. 8) . Based on the final germinate on percentage, it appeared that there is a close connection between Tiram treatment and improvement of germination percentage. According to Ref. [16] , the stand establishment of kenaf after fungicide treatment soared. It was concluded that fungicide treatment could help kenaf seed improve germination percentage and stand establishment by protecting the seeds from seed-and soil-borne pathogens.
In conclusion, the study performed with kenaf suggested that the seeds can be applied with a technique called H12TC, which is a combination of HP and Tiram-coating, to boost germination. Finally, the technique called H12TC is recommended to improve the economic yield of kenaf. 
Conclusions
The present study showed that a germination, T50, MDG, shoot length and leaf unfolding of kenaf seed were significantly influenced by priming technique like HP and PEG. Results represented that the optimum priming condition to hasten germination uniformity and capability of kenaf seed is 10% PEG in laboratory test. However, the germination percentage in the field after PEG treatment was different compared to the results of previous treatment. Hence, the authors analyzed SEM image and acid level of kenaf seeds to deepen its understanding. Tissue disintegration and fatty acid's oxidation of kenaf seed after priming had significantly negative effects on germination in soil. This is the first report to identify the cause of low priming effect in field test. To overcome the problem of priming treatment on surging seed germination in field test, a fungicide called Tiram was used after priming. Of four treatments, H12TC (a combination of HP and Tiram-coating) can be used as a good priming technology to help kenaf seed improve germination percentage and stand establishment by protecting the seeds from seed-and soil-borne pathogens.
